Aims/hypothesis This study aims to evaluate the costeffectiveness of a screening programme for pre-diabetes, which was followed up by treatment with pharmaceutical interventions (acarbose, metformin, orlistat) or lifestyle interventions (diet, exercise, diet and exercise) in order to prevent or slow the onset of diabetes in those at high risk. Methods To approximate the experience of individuals with pre-diabetes in the Australian population, we used a microsimulation approach, following patient progression through diabetes, cardiovascular disease and renal failure. The model compares costs and disability-adjusted life years lived in people identified through an opportunistic screening programme for each intervention compared with a 'do nothing' scenario, which is representative of current practice. It is assumed that the effect of a lifestyle change will decay by 10% per year, while the effect of a pharmaceutical intervention remains constant throughout use. Results The most cost-effective intervention options are diet and exercise combined, with a cost-effectiveness ratio of AUD 22,500 per disability-adjusted life year (DALY) averted, and metformin with a cost-effectiveness ratio of AUD 21,500 per DALY averted. The incremental addition of one intervention to the other is not cost-effective. Conclusions/interpretation Screening for pre-diabetes followed by diet and exercise, or metformin treatment is costeffective and should be considered for incorporation into current practice. The number of dietitians and exercise physiologists needed to deliver such lifestyle change interventions will need to be increased to appropriately support the intervention.
Introduction
Diabetes is a leading cause of morbidity and mortality worldwide [1] . In Australia, 9.6% of fatal and non-fatal health loss measured in disability-adjusted life years (DALYs) and 12.6% of all deaths are attributed to type 2 diabetes [2] . Increased body weight is the main risk factor for type 2 diabetes mellitus and in 2003 accounted for 5% of total DALYs due to diabetes [2] . Direct healthcare costs are estimated to be AUD 835 million annually, representing 1.7% of total health expenditure [3] . If the expenditure on cardiovascular disease (CVD) and renal failure that is attributable to diabetes is included, the figure would rise to 2.2% of total expenditure. Expenditure on diabetes is projected to increase fourfold between 2003 and 2033 [4] . Therefore, prevention of the health and economic burden of diabetes is a major challenge for public health policy makers.
Pre-diabetes is defined as having impaired fasting glucose or impaired glucose tolerance, but not (yet) having diabetes. A recent meta-analysis of all the available interventions to prevent the onset of diabetes in people with pre-diabetes shows a range of pharmaceutical and lifestyle interventions to be efficacious [5] . Despite impressively reducing diabetes incidence, these interventions are not available to people with pre-diabetes in Australia. Reducing the onset of diabetes could have beneficial impacts on overall population health and on the economic burden of healthcare. A number of studies have evaluated the cost-effectiveness of diabetes prevention, with two recent ones evaluating a range of screening and treatment programmes [6, 7] . The study by Gillies et al. [7] evaluated lifestyle interventions and combined pharmacotherapies in the UK population. The Colagiuri study was undertaken in the Australian population, but analysed a lifestyle intervention only [6] . No study has yet compared individual pharmacotherapies with different lifestyle interventions in an Australian population.
The aim of this study was to evaluate the cost-effectiveness of a screening programme for pre-diabetes followed up by treatment with pharmaceutical interventions (acarbose, metformin or orlistat) and lifestyle interventions (diet, exercise, or diet and exercise combined) in the Australian population. This enables comparison of different interventions in order to identify the most cost-effective prevention strategy available. This study forms part of a larger project, the Assessing Costeffectiveness-Prevention Project, which aims to evaluate the cost-effectiveness of 100 preventive interventions for noncommunicable disease [8] .
Methods
Using an epidemiological modelling approach, we calculated the cost-effectiveness of screening to identify individuals with pre-diabetes, followed up by treatment with a pharmaceutical or lifestyle intervention. The screening programme was designed to target the Australian population, and specifically those who were older than 45 years and did not have diabetes, but did have risk factors for the disease.
Epidemiological modelling The methods are described here in brief, with detailed methods available in the Electronic supplementary material (ESM). The model developed by us is a discrete-time micro-simulation model, which estimates the health impact and costs of preventing diabetes among people with pre-diabetes. Micro-simulation models disease by simulating disease at the level of the individual. It creates individual life histories by simulating various health states over the individual's lifetime. Micro-simulation was used to allow flexibility in modelling co-morbidities without restraining individuals to pre-defined combinations of events. We used a discrete time period of 1 year for each cycle. Individuals were simulated until death or age 100, whichever would have occurred first.
Transitions were explicitly modelled for four health states: (1) glucose tolerance; (2) CVD; (3) stroke; and (4) renal failure in diabetes. CVD, stroke and renal failure are all either present or absent. For CVD and stroke, incident cases may die within the 1st year, either due to increased mortality in the 28 days following their event, or due to the case-fatality in the remainder of the year. Within the glucose tolerance health state, an individual may have normal glucose tolerance, pre-diabetes or diabetes. An individual can have either impaired glucose tolerance or diabetes, but not both at the same time. Individuals may remit from pre-diabetes to normal glucose tolerance; however, it is assumed that once a patient is diagnosed with diabetes, he or she cannot remit from this state. In successive time periods, the individual can move between these states. Figure 1 describes the sub-states and possible transitions for each of the health states. Note that while any individual may become an incident case of CVD or stroke, only diabetic renal failure is considered in the model.
Using the demographic characteristics of the Australian population along with current epidemiology of pre-diabetes and associated diseases in Australia, we created 8,000 individual life-histories. Random number draws determined whether an individual experienced an incident event, remitted to normal glucose levels or died. A random number between 0 and 1 was drawn for each potential transition. If the number fell within the incidence, remission or mortality range (i.e. between 0 and the transition probability), the individual would transit to a new state, otherwise he/she would remain in his/her health state to date. Transitions could occur between multiple states in any given year. Thus an individual could, for example, experience stroke and renal failure in the same year. Transition probabilities are shown in the ESM Table 2 .
Epidemiological data used in the model came from a number of sources. The main source was the Australian burden of disease and injury study [2] . Other sources include the Australian diabetes, obesity and lifestyle study (AusDiab) [9] and vital registration data from the Australian Bureau of Statistics [10] . Disease treatment costs came from the Australian Institute of Health and Welfare (AIHW) disease costs and impact study (DCIS) [3] . Full details on epidemiological data can be found in the ESM.
A complete set of epidemiological variables, including incidence, prevalence, duration, remission and case-fatality for pre-diabetes was not available. Using the prevalence and incidence from the AusDiab Study [9] along with our own meta-analysis of the increase in all-cause mortality, we used DisMod [11] to estimate a full set of epidemiological variables (M. Y. Bertram and T. Vos, unpublished results). The DisMod outputs were also used to determine the duration of pre-diabetes to establish whether screening is viable.
The model measures DALYs in the population in the presence or absence of an intervention. We used disability weights derived from the Australian burden of disease study to adjust each year in the model to reflect the equivalent time spent in full health [2] . An individual's disability weight is dependent upon his or her current health state. Total intervention costs and the potential cost-savings due to disease avoidance (cost-offsets) are also recorded. All costs and benefits are referenced to 2003 and calculated using a 3% discount rate. Costs are measured in Australian dollars.
Screening A screening programme was modelled based upon the National Health and Medical Research Council guidelines for screening of diabetes [12] . These guidelines were applied to the population in the AusDiab study and the rate of identification of people with pre-diabetes was calculated [13] . Inclusion criteria of the opportunistic screening programme included: (1) age >55 years; or (2) age >45 plus high BMI, family history of type 2 diabetes or hypertension; or (3) people from 'high-risk' groups (e.g. Indigenous Australians and women who suffered from gestational diabetes). In the model, these people would be eligible for opportunistic screening for pre-diabetes during a visit to a GP for an unrelated condition. The number of people seeing a GP every year was based on the report General Practice in Australia 2004 [14] . At the initial GP visit, patients are invited to participate in screening, which involves a plasma glucose test at this visit. If this test indicates pre-diabetes may be present, the patient is requested to attend for an OGTT for diagnosis.
Interventions We analysed the impact of six alternative interventions: three pharmaceutical therapies (acarbose, metformin and orlistat) and three lifestyle interventions (diet alone, exercise alone, and diet and exercise). Intervention efficacy was based on a systematic review and meta-analysis [5] . This study provided relative risks (RRs) of a reduction in diabetes incidence for a range of interventions including diet, exercise, diet and exercise, and all pharmaceutical interventions combined. Using the trials identified, we replicated the meta-analyses of individual pharmaceuticals available in Australia. The lifestyle interventions involved an intensive programme of visits to a dietitian, exercise physiologist or both, visits being once a week for 1 month, monthly for 3 months and at threemonthly intervals thereafter.
The RRs of reduction in diabetes incidence of those with pre-diabetes (Table 1) were calculated on an intention-totreat basis. Using this value, along with the published follow-up rate for each intervention, we were able to calculate the RR in those who participate [5, [15] [16] [17] [18] [19] [20] [21] [22] . This enabled us to account for the lower adherence expected under routine health service conditions compared with clinical trials. This RR was applied to those treated in the model, following their identification through screening. The Tables 1  and 2 efficacy of diet and exercise interventions was assumed to decay over time at a rate of 10% per year [23] , while the pharmaceutical interventions were anticipated to have the same efficacy throughout use as long as people remained adherent. A decay of 10% per year causes the intervention to lose its effect after 10 years.
Costs for each intervention (Table 1) were calculated on a yearly basis, including costs of GP visits, medication, monitoring costs and visits to other health professionals including dietitians and exercise physiologists. Values for each of these components come from the Australian Medical Benefits Schedule and Pharmaceutical Benefits Schedule [24, 25] . The costing perspective is the healthcare system, which in Australia is largely funded by the government as a third-party payer. Patient contributions to medication prescribed during GP visits are calculated using data provided by the Commonwealth government (unpublished data, Commonwealth Government, Canberra, Australia). Time and travel costs attributed to the patient are also calculated. Travel costs are based upon the average distance travelled to see a GP, weighted according to the Australian population living in urban, rural and remote areas [26, 27] . Time costs incorporate time spent travelling to a GP, as well as waiting time, and are calculated using the population average hourly wage.
The impact of uncertainty around key input values (Table 2 ) on the main outcome measures was estimated by calculating 1,000 second-order simulations using @RISK (Palisade Corporation, Ithaca, NY, USA). Common random numbers for the 8,000 individuals determined transitions for each of the 1,000 uncertainty iterations. As a result, the reported 95% uncertainty ranges reflect variability due to uncertainty in the input values only and not due to first-order (or stochastic) variation in disease progression in the population.
Results
Approximately six million Australians are currently eligible for screening. Of these, we anticipate that in the first year of a screening programme two million would be invited to participate, with 580,000 people being identified with prediabetes. This would result in a total cost to the government of AUD 94 million and direct costs to the patient of AUD 17 million. A further AUD 82 million in time and travel costs can be attributed to the patients. Total yearly costs for each intervention following screening include those attributed to government and out-of-pocket costs to the patient ( Table 3 ). The number of DALYs averted and cases of diabetes prevented are shown in Table 3 .
The most cost-effective interventions are diet and exercise, and metformin ( Table 3 ). The chance of an intervention falling below AUD 50,000/DALY is included, as this represents the willingness-to-pay threshold commonly applied in Australia [28] . Diet and exercise and metformin have similar cost-effectiveness ratios, but different uncertainty, as shown in an acceptability curve (Fig. 2) indicating the probability that the cost-effectiveness ratio falls below a given threshold of cost/DALY. This demonstrates the impact that the uncertainty has on each of the interventions. In an incremental analysis, the addition of metformin and diet and exercise was not cost-effective, with a median cost-effectiveness ratio of AUD 67,000/ DALY when adding diet and exercise to metformin or AUD 81,000/DALY when adding metformin to diet and exercise.
Sensitivity analysis was undertaken around the effect of adding a second OGTT to the opportunistic screening programme, using information from Mooy et al. [29] that up to 49% of incident pre-diabetes cases would be reclassified if a second test was undertaken. As the additional OGTT only increases the cost of identifying a case, but does not affect the ratio between treatment cost and benefits, the overall effect on the cost-effectiveness ratio was to increase the median cost-effectiveness ratio for both metformin and diet and exercise to AUD 29,000/ DALY, which does not significantly alter the conclusions of the study. A regression analysis of the variables with the largest impact on health outcomes and intervention costs indicated that the RR of intervention efficacy was the most influential input variable, followed by the likelihood of participation and assumptions surrounding GP participation. The RR of interventions was taken from international literature and was assumed not to differ across populations. However, participation rates of GPs are likely to differ between populations. 
Discussion
Several cost-effective interventions are available for prediabetes, with either pharmacological or lifestyle interventions possible. Screening followed by metformin or by diet and exercise falls below the AUD 50,000/DALY willingness-to-pay threshold, making either intervention cost-effective in the Australian context. We used a modelling approach to combine information from various sources, as an alternative to running a large trial with a long follow-up. Assumptions made include that people must pass through the pre-diabetes state in order to be an incident case of diabetes. Recent analysis of a British cohort supports this assumption, with the investigators finding a linear trend in fasting glucose levels over time, followed by a 'steep quadratic increase' in the 3 years prior to diagnosis of diabetes, indicating that all people pass through pre-diabetes [30] . Use of the Framingham equations [33] to estimate relative risks of CVD events is a weakness of the modelling approach. It would be more accurate to use follow-up studies of people in Australia at each glucose level and monitor their cardiovascular outcomes. The only source of data that may enable this is AusDiab [9] , which asked for a history of CVD events by self-report at two time points and collected information on cause of death. However, there are inherent problems with using self-reported data, such as recall bias; also the numbers of events are small when stratified by age, sex and glucose status. Modelled data using Framingham equations are the best alternative.
Aside from the model itself, there are some limitations in the analysis. First, screening targeted at pre-diabetes will also identify some undiagnosed cases of diabetes. The AusDiab Study in Australia found that up to half of all people with diabetes were undiagnosed, whereas in the USA the National Health and Nutrition Examination Survey in 2005/06 reported that 40% of diabetes was [13, 31] . Increased case finding would increase diabetes treatment costs, but would also lead to health benefits. Second, lifestyle interventions may have broader health consequences beyond those related to glucose status; these broader consequences have not been quantified. An estimated 7.5% of the disease burden is attributable to increased BMI [2] . The model explicitly accounts for diabetes and CVD, which are responsible for 84% of the burden due to increased BMI. Given that a diet and exercise intervention could also have an effect on BMI, marginally higher health gains from other diseases not included in this analysis are possible. There may also be an independent effect on CVD, mediated by a reduction in blood pressure and cholesterol, which would lead to greater health gain and thus more favourable cost-effectiveness ratios. Although we accounted for adherence to medication, the values used are from randomised controlled trials, which generally recruit motivated participants. As this analysis is based on opportunistic screening of the general population, participation rates are likely to be lower than those from the trials. This would reduce the overall health gain due to intervention, but would also reduce the costs of providing the intervention. A small increase in the cost per identified and treated patient would be expected. However, as this is a small component of the total costs, the cost-effectiveness ratios would be largely unaffected.
Technical cost-effectiveness analysis should be combined with other approaches that facilitate 'due process' [8] . Issues relating to the feasibility, sustainability and acceptability associated with the implementation of these interventions were considered alongside the results of the technical analysis in the Assessing Cost-effectiveness: Prevention Project [8] . The pertinent issues include workforce capacity and feasibility of GP participation.
The current workforce capacity of dietitians and exercise physiologists is unlikely to be able to meet the increased demand for their services ensuing from a screening programme. Therefore more training places would be required, which in turn would depend on the teaching capacity in universities. Given that increased efficacy and efficiency were found for the combination of diet and exercise, a subsidy could be based on attendance at dietitian and exercise physiologist practices, with joint practices of dietitians and exercise physiologists possibly needed to ensure that patients participate appropriately.
The biggest feasibility issue would be levels of GP participation in the screening programme. Currently, the modelled participation rates are optimistic. However, changing these rates would not change the cost-effectiveness ratio, only the total costs and total benefits, by reducing the number of people identified and participating.
Lifestyle modification in people with pre-diabetes is cost-effective and should be recommended if workforce capacity can be increased in order to appropriately deliver the intervention. A government subsidy for exercise physiologists and dietitians would encourage participation. The likely financial cost to the government would be up to AUD300 million annually (based on current cost to the patient), dependent upon the level of subsidy given and the number of visits supported per year. The use of metformin following identification is also cost-effective and should be considered as an alternative treatment regimen. Metformin would be less of a financial burden to the government. The interventions should not be used in combination as this is not cost-effective.
Future research addressing the increased case-finding of diabetes due to screening for pre-diabetes would answer important questions relating to the financial implications of a screening programme such as this one. Also, analysis of the independent effect of lifestyle modification interventions on CVD would enable more accurate calculation of the health gains of screening for pre-diabetes. Fig. 2 Acceptability curves displaying various willingness-topay values for each DALY averted and the probability of an intervention being considered cost-effective at each willingness to pay threshold
